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[57] ABSTRACT 
The invention is a slightly water-soluble, time release 
corrosion inhibitor compound for treating aluminum 
?ake pigment. The corrosion inhibitor is the reaction 
product of a water-soluble metal salt including metals 
selected from the group consisting of yttrium and rare 
earth metals and an anionic metal salt including transi 
tion metal oxo-complexes and soluble salts of silicon and 
mixtures thereof. The corrosion inhibitor is useful for 
preventing hydrogen gassing of aluminum pigment 
particles. The compound is particularly useful for pre 
venting gassing of bare and chromated aluminum pig 
ment particles in aqueous compositions and in water 
borne coating compositions having a basic pH. The 
pigment particles used in combination with the corro 
sion inhibitors of the present invention experience sig 
ni?cantly less hydrogen gassing in a high pH aqueous 
environment and in water-borne coating compositions 
having high pH, than aluminum flake pigment particles 
and coatings without the corrosion inhibitor. The cor 
rosion inhibitor is also effective when combined with a 
second corrosion inhibitor, such as a water-soluble salt 
of yttrium or rare earth metal in a coating composition. 

20 Claims, No Drawings 
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ALUMINUM FLAKE PIGMENT TREATED WITH 
TIME RELEASE CORROSION INHIBITING 
COMPOUNDS AND COATINGS CONTAINING 

' THE SAME 

FIELD OF THE INVENTION 

The present invention pertains to the ?eld of alumi 
num ?ake pigments made corrosion resistant by treat 
ment with a time released corrosion inhibitor com 
pound. The invention also pertains to coating composi 
tions containing the treated aluminum ?ake pigments. 

BACKGROUND OF THE INVENTION 

The present invention pertains to corrosion inhibition 
of treated and untreated aluminum ?ake pigments alone 
and for use in waterborne coating compositions. Alumi 
num ?ake pigments are slightly reactive in an aqueous 
environment having a basic pH, such as aqueous coating 
compositions. The pH of the water-borne acrylic coat 
ing compositions typically ranges from 8.0-9.0, and the 
polyurethane coating compositions have a pH typically 
ranging from 7.5 to 8.0. 

In a basic pH environment, the aluminum pigment 
reacts with water to produce hydrogen gas and alumi 
num hydroxide. The reaction is a form of corrosion and 
converts the pigment to a hydrated oxide form unsuit 
able for pigment use, as it destroys the metallic pigmen 
tation properties of the mirrorlike particles. The amount 
of corrosion is measured by the amount of hydrogen gas 
produced over a given period of time. ' 
Once formation of aluminum hydroxide begins, cor 

rosion accelerates. This is because the OH— ions cause 
the pH of the environment to further increase, resulting 
in the increased formation of aluminum hydroxide. 
The aluminum pigment deteriorates over time due to 

oxidation, as it remains in continuous contact with the 
basic pH environment of the coating composition. Coat 
ing compositions containing the pigment are often 
stored for 6 months or more before application, which 
can result in signi?cant corrosion of the pigment. If this 
corrosion remains unchecked the coating composition 
may be unusable. 
An additional factor affecting degradation of the 

pigment in a coating occurs when the paint is pumped 
vfrom the storage site to the application site. This dis 
tance is often several blocks in length. The pumping 
action required to transport the paint this considerable 
distance is severe and results in breaking of the pigment 
particles, which exposes even more of the surface area 
of the pigment to corrosion. Corrosion inhibition can be 
achieved if the rates of these reactions, or any partial 
steps involved, can be decreased. 

It has been found that time released corrosion inhibi 
tor compounds inhibit corrosion in aluminum ?ake 
pigment particles in a basic aqueous environment. The 
corrosion inhibitor compound is the reaction product of 
water-soluble compound of yttrium or rare earth metal 
and an anionic metal complex including compounds 
selected from the group consisting of soluble salts of 
transition metal oxo-complexes complexes, soluble sili 
cate salts and mixtures thereof. 

It has further been discovered that aluminum ?ake 
pigment treated with the corrosion inhibitor compound 
is highly effective to inhibit the corrosion of the pig 
ment particles in water-borne coating compositions. 
This is signi?cant because, as explained above, the phys 
ical factors such as pumping and extended storage of 
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coating compositions expose the pigment to increased 
corrosion at the high pH of water-borne coating sys 
tems. Use of the treated pigment signi?cantly reduces 
the corrosion and/or degradation of aluminum ?ake 
pigment used in metallic coatings. 

SUMMARY OF THE INVENTION 

The present invention relates to the discovery that 
aluminum ?ake pigment particles can'be treated with 
time released corrosion inhibitor compounds that are 
only slightly soluble, to inhibit corrosion in aluminum 
?ake pigment particles in a basic aqueous environment. 
The corrosion inhibitor compound is the reaction prod 
uct of a water soluble compound of yttrium or a rare 
earth metal and an anionic metal complex including 
compounds selected from the group consisting of solu 
ble salts of transition metal oxo-complexes, soluble sili 
cate salts and mixtures thereof. The corrosion inhibitor 
compound is only slightly soluble in an aqueous envi 
ronment. The corrosion inhibitor is effective with both 
untreated aluminum, sometimes referred to as “bare” 
aluminum and aluminum that has been surface treated 
with chromates or other corrosion inhibiting agents. 
Effectiveness of the corrosion inhibitor is evidenced by 
decreased hydrogen gassing in a basic pH environment. 
The particularly useful corrosion inhibitors include the 
reaction product of water-soluble compounds including 
yttrium, lanthanum, or rare earth metals of the lantha 
nide series (i.e. atomic numbers of from 58 to 71) and an 
anionic metal complex including a soluble salt of silicon 
or of transition metal oxo-complexes where the transi 
tion metal is selected from the group consisting of tita 
nium, vanadium, chromium, zirconium, niobium, mo 
lybdenum, hafnium, tantalum and tungsten and mixtures 
thereof. 
The aluminum ?ake pigment particles are treated 

with the corrosion inhibitor by forming a slurry of alu 
minum pigment vand a corrosion inhibitor and water. 
When pigment is in admixture with mineral spirits, 
solvent is added to separate the mineral spirits from the 
pigment. The pigment remains in mixture with the solu 
tion for a period of time ranging from 0.5 to 4 hours, to 
form the protective coating of corrosion inhibitor on 
the aluminum ?ake pigment. 
Water-borne coating compositions containing alumi 

num ?ake pigment particles may be formulated with 
pigment that has been treated with the corrosion inhibi 
tor of the present invention or untreated pigment may 
be used and the corrosion inhibitor added directly to the 
coating composition. The corrosion inhibitor is particu 
larly useful for coating compositions containing a ?lm 
forming resin which is an acrylic or a polyurethane 
resin. 
The corrosion inhibitors of the present invention are 

also useful when used in combination with water-solu 
ble metal salts of yttrium and the rare earth metals. 
Particularly useful salts include trivalent cerium, yt 
trium and lanthanum salts and tetravalent cerium salts. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is directed to a corrosion inhib 
itor composition for aluminum ?ake pigment particles, a 
method for treating the aluminum ?ake pigment with 
the corrosion inhibitor and coatings containing alumi 
num ?ake pigment and the corrosion inhibitor. 
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According to the present invention, the corrosion 
inhibitor for the aluminum ?ake pigment is only slightly 
water-soluble and functions in a time release manner. 
For purposes of the present invention, slightly soluble is _ 
de?ned as no more, than 10"3 molar concentration in a 
saturated aqueous solution. The corrosion inhibitor is 
the reaction product of water-soluble metal salts of 
yttrium or rare earth metals and an anionic water-solu 
ble salt selected from the group consisting of transition 
metal oxo-complexes, silicate salts and mixtures thereof. 
The preferred water-soluble metal salt for reaction with 
the anionic metal salt is cerium nitrate. The useful tran 
sition metal oxo-complexes, include transition metals 
selected from the group consisting of titanium, vana 
dium, chromium, zirconium, niobium, molybdenum, 
hafnium, tantalum and tungsten and mixtures thereof. 
The preferred water-soluble salts of transition metal 

oxo-complexes useful for purposes of the present inven 
tion include those selected from the group consisting of 
sodium tungstate, sodium metavanadate, sodium 'or 
thovanadate, sodium molybdate, sodium metasilicate, 
lithium niobate, and mixtures thereof. 
The corrosion inhibitors of the present invention are 

formed by reacting the water-soluble metal salt of yt 
trium or rare earth metals with a transition metal oxo 
complex or a silicate salt in aqueous solution. The resul 
ltant reaction product is then filtered and oven dried. 
Products of the present invention were dried for ap~ 
proximately 6 hours. The water-soluble metal salt is 
present in anamount between 75 and 25 percent by 
weight, based on the total weight of the reactants. The 
transition metal oxo-complex or silicate salt is present in 
an amount between 25 and 75 percent by weight, based 
on the total weight of the reactants. 
The aluminum ?ake pigment is treated with the cor 

rosion inhibitor by forming a slurry of deionized water, 
corrosion inhibitor and pigment. If the pigment is dis 
persed in mineral spirits, solvent is added to disperse the 
pigment, to facilitate maximum contact of the pigment 
particles with the corrosion inhibitor. Suitable solvents 
for this purpose include ethylene glycol monobutyl 
ether, n-propanol, propylene glycol monomethyl ether 
or propylene glycol monobutyl ether. 
The salt solution preferably contains deionized water 

and a solvent such as butyl cellosolve, n-propanol, 
propylene glycol monomethyl ether or propylene gly 
col mono butyl ether. The water is present to dissolve 
the metal salt. 
The slurry comprises aluminum ?ake pigment pres 

ent in an amount between 30% and 65% by weight, 
corrosion inhibitor present in an amount between 0.01% 
and 5.0% by weight, water present in an' amount be 
tween l0% and 70% by weight, and solvent present in 
an amount between 0% and 30% by weight, where all 
weights are based on total weight of the aluminum 
slurry. The aluminum pigment ‘remains in contact with 
the salt solution for a period of 0.5 hour to 24 hours. The 
contact time must be adequate for formation of a rare 
earth metal or transition metal oxide coating on the 
aluminum ?ake pigment. The aluminum ?ake pigment 
is subsequently ?ltered and dried to provide the corro 
sion resistant aluminum ?ake pigment composition. 

In the present invention the aluminum pigment 
treated with the solution of the corrosion inhibitor, is 
tested to determine the improvement in resistance of the 
pigment to corrosion. Corrosion tests were run on un 
treated aluminum ?ake pigment samples, pigment sam 
ples treated with the corrosion inhibitor, and coating 
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4 
compositions containing pigment and the corrosion 
inhibitor. The corrosion resistance is determined by a 
decrease in the amount of hydrogen gas produced by 
the treated pigments compared to the untreated pig 

_ ments, in a basic solution of sodium tetraborate, NagB 
407, (borax) having a pH of about 8.0. The method is 
described below and the gassing results for the alumi 
num ?ake pigments of the present invention are set 
forth in Table l. _ 
The method for measurement of gassing in the alumi 

num ?ake pigment samples is to place a solution of 
sodium tetraborate in a gassing container. For purposes 
of the present invention the concentration of the borate 
solution ranged from 0.0091 M to 0.0110 M. The gassing 
apparatus is a 250 ml gas washing bottle attached to a 
bubble counter with two chambers. The lower chamber 
is filled with water, through the side neck of the bubble 
counter. Hydrogen gas formed by release of the H+ 
ions from the reaction of the aluminum and water, 
presses water from the lower chamber into the upper 
chamber of the bubble counter. The volume of water 
displaced from the lower chamber equals the volume of 
hydrogen gas generated. 
The solution is thermally equilibrated to 60‘ C. Next 

the aluminum ?ake pigment is added and equilibrated to 
60° C. Gas evolution is then measured over a period of 
about 1 to 2 hours. 
As shown in Table 1, following the Detailed Descrip 

tion, pigment treated with the corrosion inhibitor of the 
present invention showed improved gassing results in 
comparison to untreated pigment. 

_ The slightly soluble corrosion inhibitor of the present 
invention is also useful in aqueous coating compositions 
containing the aluminum ?ake pigment. The corrosion 
inhibitor is particularly effective in coating composi 
tions when used as a secondary corrosion inhibitor, in 
combination with a primary corrosion inhibitor which 
is a water-soluble salt of trivalent or tetravalent salt of 
cerium, yttrium or lanthanum. Water-soluble salts use 
ful as a primary corrosion inhibitor compound for treat 
ing the aluminum pigment include cerium sulfate, ce 
rium triacetate, cerium isopropoxide, ammonium ce 
rium nitrate, yttrium triacetate, lanthanum triacetate 
and cerium nitrate. 
When used in combination in a coating composition, 

the water-soluble metal salt used as the primary corro 
sion inhibitor is present in an amount of between 0.01% 
and 5.0% by weight based on total pigment weight and 
the slightly soluble salt used as the secondary corrosion 
inhibitor is used in an amount between 0.01% and 5.0 % 
by weight based on the combined weight of the corro 
sion inhibitor and pigment. The slightly soluble corro 
sion inhibitor has a “time release" effect when used with 
the primary water-soluble salt. This “time release” ef 
fect is theorized to occur as follows. 
The primary water-soluble salt reacts before the less 

soluble corrosion inhibitor of the present invention to 
form a protective coating of rare-earth metal or transi 
tion metal oxide on the pigment. Most of the time re 
lease corrosion inhibitor remains unreacted in the form 
of a precipitate, due to its relatively insoluble nature. 

It is hypothesized that the precipitate of the relatively 
water-insoluble corrosion inhibitor of the present inven 
tion provides an additional source of rare earth metal, 
yttrium or transition metal to form a metal oxide protec~ 
tive coating at any site on the pigment unprotected by 
the metal oxide ?lm provided by the more soluble triva 
lent and tetravalent salts of cerium, yttrium and lantha 
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num. Unprotected sites often occur when the cerium, 
yttrium or lanthanum oxide ?lm is chipped away by 
agitation or corrosion of the pigment, or when the sup 
ply of trivalent or tetravalent salts of cerium, yttrium or 
lanthanum are depleted. The corrosion inhibitor serves 
to replace the protective coating on the pigment that is 
dislodged during prolonged storage or during pipeline 
transport, (e.g. via pumping), of the coating from stor 
age to application site. ' 
To form a waterborne coating composition,'bare or 

chromated aluminum ?ake pigment and corrosion in 
hibitor may be combined with a ?lm-forming resin and 
water. Other ingredients well-known in the art to be 
useful in such compositions may be included, such as 
crosslinkers and other resins, plasticizers, additional 
cosolvents to aid in stabilization or application of the 
composition, rheology control agents, other pigments, 
UV light stabilizers and antioxidants, catalysts and fun 
gicides. . 

Suitable ?lm-forming resins are water-dispersible or 
water-soluble, ionic or nonionic resins. Anionic or non 
ionic resins are preferred for use in topcoat applications. 
The resins may be acrylic, vinyl, polyurethane, polyesv 
ter, alkyd,,epoxy, or other polymers known to be useful 
in ?lms. Examples of water-dispersible polymers used 

' for topcoats are contained in US. Pat. Nos. 4,794,147; 
4,791,168; and 4,518,724, all of which are hereby incor 
porated by reference. Such systems typically also in 
clude a crosslinker, such as aminoplast resins, poly 
amines, blocked polyisocyanates, and so on, depending 
on the functionality available for crosslinking on the 
?lm forming resin. For example, hydroxyl-functional 
acrylic or polyurethane resins can be cured using ami 
noplast resins. For this purpose, melamine-formalde 
hyde resins are particularly preferred. Melamine-for 
maldehyde resins of the kind contemplated are commer 
cially available from, for example, Monsanto Co., St. 
Louis, Mo.; and American Cyanamid, Wayne, NJ. A 
polymeric-type melamine may be used, particularly 
when the ?lm forming resin is anionically stabilized. 
Such polymeric-type melamines do not require strong 
acid catalysis. When the ?lm-forming resin is nonioni 
cally stabilized, a polymeric melamine may be used or a 
monomeric melamine may be used in conjunction with 
a strong acid catalyst like a sulfonic acid or blocked 
sulfonic acid. 
The ?lm-forming resin or the crosslinker may com 

prise a functionality that can react with a reactive group 
on the compound of the invention during the curing 
step. The polymeric network formed during cure would 
then include a residue of the compound, covalently. 
bonded to the polymeric network. The ability of the 
compound toreact during the curing step is indepen 
dent of its function in surface modifying the metallic 
?ake pigment. 

Additional cosolvents may be added to aid in stabili 
- zation or application of the composition. The more 
preferred solvents are acetates such as butyl acetate, 
hexyl' acetate, and octyl acetate; glycol ethers and gly 
col ether acetates, such as propylene glycol ether and 
propylene glycol monomethyl ether acetate; and ke 
tones, such as methyl propyl ketone, methyl isobutyl 
ketone, and methyl hexyl ketone. Glycol ethers and 
glycol ether acetates are especially preferred. 

Other pigments, if used, are preferably incorporated 
as pastes or dispersions prepared by using grinding 
resins or pigment dispersants according to methods well 
known in the art. The term “pigments" is meant to 
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6 
encompass organic and inorganic compounds that are 
colored materials, ?llers, flake materials, and other ma 
terials of kind that the art normally names as pigments. 
If pigments other than aluminum ?ake pigment treated 
with the corrosion inhibitor of the present invention are 
included, they are usually used in an amount of 1% to 
200%, based on the total solid weight of the reactants. 
The surface-modi?ed metallic ?ake pigments used ac 
cording‘ to the invention are typically used at amounts 
of 1% to 30%, based on the total solid weight of the 
reactants. 

It may be desirable to include small amounts of rheol 
ogy control agents, for example fumed silicas, hectorite 
clays, bentonite clays, or cellulosics like cellulose ace 
tate butyrate. Such materials are usually used at levels 
of less than 10% based on the total solid weight of 
reactants. Rheology control agents are used to control 
the ?ow and leveling of the composition during applica 
tion and curing steps. The rheology control agent is also 
useful. for controlling the metallic appearance of the 
coating. Such materials may help “?x” the pigment 
?ake surface in an alignment parallel to the surface of 
the coating to maximize the brightness when viewed 
head-on and to maximize the darkness when viewed 
obliquely. 

Coating compositions of the present invention are 
generally prepared by the methods set forth in Exam 
ples 7 and 8, following the Detailed Description. The 
prepared coating composition is applied to a substrate 
by any of a number of conventional means, for example 
by spraying, brushing, dipping or ?owing. The pre 
ferred methods of application are by spraying or elec 
trostatic spraying. These methods are widely used, es 
pecially in the application of automotive coatings. For 
example, the coating may be applied using a Model 62 
siphon. spray gun (available from Binks Manufacturing 
Corp., Franklin Park, 111.) with 50-80 psi atomizing air 
pressure. 

I The substrate to which the coating composition of 
this invention is to be applied may be, for example, 
metal, ceramic, plastic, glass, paper, or wood. The sub 
strate may also be any of the aforementioned materials 
precoated with this or another coating composition. 
The coating compositions of this invention have been 
found to be particularly useful over precoated steel or 
plastic substrates in automotive applications. They are 
particularly suited for use over primed automotive sub 
strates as topcoat formulations or basecoat formulations 
that are overcoated with clearcoat formulations. 

After application of the coating composition to the 
substrate, the coating is cured, preferably by heating at 
a temperature and for a length of time suf?cient to cause 
the conversion of all or nearly all of the reactive groups. 
The cure temperature is usually from 115° C. to 180° C., 
and the length of cure is usually 15 minutes to 60 min 
utes. Preferably, the coating is cured at l20°—l50° C. for 
20 to 30 minutes. The thickness of the cured coating can 
be from 1 to 150 microns, but when used as an automo 
tive topcoat or basecoat the coating thickness is gener 
ally from 10 to 70 microns. 

in a preferred embodiment of the invention, the coat 
ing composition of the present invention is used as a 
basecoat for a color-plus-clear composite coating. The 
basecoat contains the aluminum pigment and provides 
the color coating. It is overcoated with a transparent 
topcoat layer, known commonly in the art as a clear 
coat. The basecoat may be cured before the clearcoat is 
applied or the basecoat may be given a wet-on-wet 
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application of a clearcoat. By the term “wet-on-wet” it 
is meant that after application the basecoat is allowed to 
?ash, or dry, to remove most‘ of the water and other 
vsolvent that it contained, but it is not cured before the 
clearcoat composition is applied. After the clearcoat 
composition is applied, it is allowed to ?ash or dry for 
a period of time, then the basecoat and the clearcoat are 
cured together. 
The clearcoat may be a coating composition accord 

ing to this invention or another composition known to 
the art to have utility as a clearcoat. The clearcoat does 
not necessarily need to use the cure mechanism used by 
the basecoat, although the cure mechanisms used must 
‘not interfere with one another. 
The basecoat may be applied in one or two layers, 

with a short period between application of layers to 
allow solvent and water to evaporate (termed a “?ash” 
period). After application, the basecoat may be further 
‘dried, preferably at a slightly elevated temperature, as 
in a 120' F. oven, for a period of 5 to 20 minutes before 
the clear coat composition is applied. The clearcoat 
composition is preferably applied by spraying, in one 
layer, or preferably two layers with a short ?ash be 

' tween layers. The clearcoat composition is allowed to 
?ash under ambient or heated conditions for 1-20 min 

_utes. The uncured coatings are then cured, usually by 
thermoset methods as described herein above. The re 
sulting appearance and physical properties are excel 
lent. The addition of the corrosion inhibitor does not 
decrease adhesion or adversely affect the appearance of _ 
the coating composition. 
Aluminum ?ake containing coating compositions 

prepared according to the present invention applied to 
enamel substrates were tested for gassing to determine 
corrosion resistance of the aluminum ?ake pigment in 
the basic pH environment of the coating. The results are 
set forth in Table 3. 
The coating composition was tested for gassing in the 

gassing apparatus described above. A 250 ml sample of 
enamel containing aluminum ?akes is ?lled into the gas 
washing bottle. The assembled apparatus containing the 
sample is placed in a 40° C. bath and allowed to equili 
brate for 60 minutes. After allowing for equilibration, 
the screw cap is tightened securely. The sample is tested 
in the 40° C. water bath at 24 hour intervals to measure 
the amount of hydrogen gas generated. The acceptable 
maximum level of generated gas is 0 mils after 30 days. 
As shown in ‘Table 3, the coating composition con 

taining the corrosion inhibitor demonstrated no gassing 
after 30 days. 1 
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The following non-limiting examples are provided to I 
further illustrate the invention. 

EXAMPLES 

In Examples 1-4, bare aluminum pigment was ob 
tained from Obron Atlantic Corp., Painesville, Ohio. 

EXAMPLE 1 

Aluminum Flake Pigment Treated with Cerous 
Metavanadate 

Cerous metavanadate was formed by reacting 59.36 
grams cerous nitrate and 50.0 grams sodium metavana 
date. The resultant cerous metavanadate reaction prod 
uct was ?ltered and the ?ltrate oven dried at 110° C. for 
six hours. 

55 
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The cerous metavanadate thus obtained, was com 

bined in an amount of 0.198 grams, with 0.202 grams of 
bare aluminum pigment. 

EXAMPLE 2 

Aluminum Flake Pigment Treated with Cerous Sili 
cate 

Cerous silicate was formed by reacting 30.0 grams 
cerous nitrate and 12.65 grams sodium silicate. The 
resultant cerous silicate reaction product was ?ltered 
and the ?ltrate oven dried at 110' C. for six hours. 
The cerous silicate thus obtained, was combined in an 

amount of 0.201 grams, with 0.196 grams of bare alumi 
num pigment. 

EXAMPLE 3 

Control _ 

1.009 grams untreated bare aluminum pigment were 
tested for gassing in a stock borax solution. 

EXAMPLE 4 

Aluminum Flake Pigment Treated with Cerous 
Metavanadate 

Cerous metavanadate was formed by reacting 15.0 
grams cerous nitrate and 12.63 grams sodium metavana 
date. The resultant cerous metavanadate reaction prod 
uct was ?ltered and the ?ltrate oven dried at 110° C. for 
six hours. 
The cerous metavanadate thus obtained, was com 

bined in an amount of 0.2228 grams, with 1.006 grams of 
bare aluminum pigment. 

EXAMPLE 4a 

Control 

1.009 grams untreated bare aluminum pigment were 
tested for gassing in a stock borax solution. 

EXAMPLE 5 

Preparation of lsocyanate Functional Acrylic 
Copolymer 1 

231.3 g (2.02 mol) of methyl amyl ketone was charged 
to a reaction vessel ?tted with stirrer and condenser. 
The solvent was heated to re?ux temperature and main 
tained at re?ux for the duration of the reaction. A blend 
consisting of 94.8 g (0.91 mol) styrene, 160.7 g (1.13 
mol) butyl methacrylate, 144.8 g (1.13 mol) butyl acry 
late and 271.7 g (1.35 mol) 1-(1-isocyanato-l-methyle 
thyl)-3-(l-methylethenyl) benzene, hereafter referred to 
as TMI ®, available from American Cyanamid Co., 
Wayne, NJ. 07470 , was slowly added over a period of 
three hours. 67.2 g of 50% active tert-butyl peracetate 
was added to the monomer blend to initiate the vinyl 
polymerization. 33.6 g of initiator along with 58.0 g of 
methyl amyl ketone were added one half hour after the 

) addition of monomer was complete. The mixture was 

65 

heated for an additional 1.5 hours and then cooled and 
collected for further modi?cation. ‘ 

EXAMPLE 6 

Copolymer Modi?ed With Hydroxyethyl Ethylene 
Urea (HEEU)-Grind Resin 

112.0 g (0.56 mol. average molecular weight of 2000) 
methoxy polyethylene glycol, 16.5 g (0.13 mol) hydrox 
yethyl ethylene urea, 4.0 g of a 1% solution of dibutyltin 
dilaurate in methyl propyl ketone, and 300.0 g isocya 
nate-functional acrylic prepared in accordance with 
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Example 6, were charged to a reaction vessel ?tted with 
a stirrer and condenser. The mixture was heated to 120° 
C. and maintained at that temperature for not more than 
two hours. At the end of this time, the mixture was 

the Viscalex® and water were combined and then 
added slowly to the resin. Next, the propylene glycol 
propyl ether was added to the mixture. Finally, the 

10 
aluminum slurry was added to the mixture, with mixing 
for 5-10 minutes. The coating was then neutralized to a 
pH of 8.5 with additional 32.6 g of 5% DMEA. After 2 
days the paint was reduced to spray viscosity with the 

mrlatei 31nd thelresullt mgl‘ilatgd thattgulof 2181 methoxy 5 addition of 44.9 g deionized water to achieve a viscosity 
p0 yet y ene .g yco .an y roxye y at y ene .urea of 91.2 cP on a Bohlin V-88 viscometer. 
had reacted with the isocyanate groups. The remainder 
of the isocyanate functionality was capped with 7.5 g EXAMPLE 8 

_ (0.12 mol) monoethanolamine which was added over a C t. C .t. CO mini“ Chrom t d 
period of 5-10 minutes while the mixture was stirred 10 ,oa mg (“9°51 10" g a e 
and the temperature was approximately 90° c‘ The Aluminum Flake Pigments With Cerous Tungstate and 
temperature then rose to 100° C. and then subsided. Cenum Tnacetate and HEEU Polar Funcuonal 
When the exothermic reaction had ceased, the mixture compomld 
was titrated. Titration revealed no remaining isocyanate A slurry was prepared from the following ingredi_ 
functionality. The material was subsequently dispersed 15 cuts’ 
with 10.0 g (0.55 mol) of deionized water. 

EXAMPLE 7 Cymel @ 3271 20.60 
Coating Composition Containing Chromated Z-ethyl hexanol 17.0 

Aluminum Flake Pigments With Cerous Molybdate and 20 Dlspersam res"! comamme 1470 g 
Cerium Triacetate and HEEU Polar Functional z‘hydr9xye‘hyl ethylene ‘f’ea (HEEU) 

c o m Ound based dispersant grind resin (Ex. 7) 
p Cerium triacetate 0.2 g 

A slurry was prepared from the following ingredi- Chromated aluminum ?ake pigment2 29.2 g 
ants Propylene glycol propyl ether 10.0 g 

25 Cerous Tungstate 0.1 g 
Deionized water 15.0 g 

Cymel ® 3271 20.60 ]A methylated melamine formaldehyde resin. sold under the trademark Cymel ® 
Z-ethyl hexanol 17.0 and available from American Cyanarnid Co. 
Dispersant resin containing 14,70 g 2Chromated aluminum pigment from Obron Atlantic Corp., Painesville, Ohio. 
Z-hydroxyethyl ethylene urea (HEEU) 
based dispersant grind resin (EX' 7) 30 ‘1 A methylated melamine formaldehyde resin, sold under the trade 
Cerium triacetate 0.2 g mark Cymel ® and available from American Cyanamid Co. 
Chromated aluminum ?ake pigment‘2 29.2 g '2 Chromated aluminum pigment from Obron Atlantic Corp., Paines 
Propylene glycol propyl ether 10.0 g ville, Ohio. 

EH9“? hédyl’tdm 12:) E First a mixture of the Cymel ® 327 and Z-ethyl hexanol 
O Z8 8. - . 

I e‘ m er ‘ I d h d k Cg I 35 was prepared. Next the HEEU based resin was added to 
sod ““ 8“ em em“ yme ® the mixture. In a separate vessel the cerium triacetate, 

2Chromated aluminum pigment from Obron Atlantic Corp., Painesville, Ohio. cerium molybdate and water were combined mix 

in and then adde to the ?rst mixture. To this mixture 
‘1 A methylated melamine formaldehyde resin, sold under the trade- g - d . 
mark Cymel® and available from American Cyanamid Co. was added propylene glycol propyl ether- The alumi 
lilghgiltriigted aluminum pigment from Obron Atlantic Corp., Paines- 4O num pigment was then added The mixture was then 

First a mixture of the Cymel ® 327 and 2-ethy1 hexanol agiilated innlf 550°?‘- _ d_ dd d d 
was prepared. Next the HEEU based resin was added to _ ext t e o owmg mgre ‘ems were a e as e‘ 

the mixture. In a separate vessel the cerium triacetate, Scnbed belcw' 
cerium molybdate and water were combined with mix 
ing and then added to the ?rst mixture. To this mixture 45 . . 3 

T . Emulsion resin 180.7 g 
was added propylene glycol propyl ether. he alumi- Dime‘h'vlethanolamine 5% (DMEA) 104 g 
num pigment was then added. The mixture was then Viscalex @ Hv-304 67 g 
agitated Untll smooth. Deionized water 74.4 g 

Next the following ingredients were added as de- Propylene glycol propyl ether 60-6 2 
SC!‘ below. 50 3Acrylic uncrosslinked core-shell polymeric emulsion resin having 45% non-volatile 

COI‘IIEDI. 

‘Rheology control agent sold under the trademark Viscalex ® and available from 

Emulsion resin; 180 7 g Allied Colloids lnc.. Suffolk, Va. 

Dimethylethanolamine 5% (DMEA) 14.5 g .3 _ _ _ _ _ _ 

Viscalex ® “V404 6_7 g Acrylic uncrossllnked core-shell polymeric emulsion resin having 
Deionized water 74 4 g 55 45% non-volatile content. 
Pro lane NCO] r0 1 “her 6O'6 '4 Rheology control agent sold under the trademark Viscalex® and 
W g- P W ' g available from Allied Colloids Inc., Suffolk, Va. 

zc'ctreygic tincrosslinked core-shell polymeric emulsion resin having 45% non-volatile First the resin and were combined to 

‘Rheology control agent sold under the trademark Viscalex ®and available from provide a resin a pH Of 8. In a separate container 
An'cd c°"°'ds 1"" Sum)" Va‘ 60 the Viscalex ® and water were combined and then 

'3 Acrylic uncrosslinked core-shell polymeric emulsion resin ‘having added Slowly to the resm' Next! the propyliene glycol 
12% non-volatile content. k V_ propyl ether was added to the mixture. Finally, the 
mfl?gffj?foynf‘g‘l‘fgf, ‘ggfl‘gifj?'?n‘gffdsi?flgfk‘$25M’ ‘Scam ® and aluminum slurry was slowly added to the mixture, with 

First the resin and 5% DMEA were Combined to mixing for 5-10 minutes. The coating was then neutral 
provide a resin with a pH of 8. In a separate container 65 ized to 3 PH of 3-5 with addiliona] 31-6 g 05% DMEA 

After 2 days the paint was reduced to spray viscosity 
with the addition of 116.6 g deionized water to achieve 
a viscosity of 101.8 cP on a Bohlin V-88 viscometer. 
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TABLE 1 
Gassing Results For Al Pigment Treated with Cerous Silicate 
and Cerous Metavanadate in 0.009] M Solution of Na2B4O1 

ML HYDROGEN GAS PER HOUR‘ 
Example .53 Hr‘ l.0 Hr 1.4 Hr l.75 Hr 

l 14 30 40 51 
2 10 36 72 105 
3 24 68 98 132 

“time measured from when samples sealed in gassing jars. 

TABLE 2 
Gassing Results For Al Pigment Treated with Cerous 

Metavanadate and Control in 0.009] M Solution of Na2B4O-1 
ML HYDROGEN GAS PER HOUR‘I 

Example '.l7 Br ,33 Hr .75 Br .97 Br 

4 25 48 90 I20 
4a 48 I64 408 504 

‘time measured from when samples sealed in gassing jars. 

TABLE 3 
Gassing Results for Coatings Prepared According to Ex. 7 

and Ex. 8 
CORROSION ML HYDROGEN GAS PER TIME 

SAMPLE INHIBITOR‘ 7 DAYS 21 DAYS 30 DAYS 

Ex. 7 Ce2(M0O4)1” O 0 0 
Ex. 8 CezOVOOsb 1s 11 16 

‘Ce; (M0003 is cerium molybdate. 
bCe;(WO4)3 is cerirum tungstate. 

We claim: . 

1. A composition,_ comprising aluminum ?ake pig 
ment particles surface modi?ed with a time released, 
slightly water soluble, corrosion inhibitor compound, 
wherein the inhibitor compound comprises the reaction 
product of 

a) a water-soluble metal salt of a metal selected from 
the group consisting of yttrium and rare earth met 
als, and 

b) an anionic water-soluble .metal salt selected from 
the group consisting of transition metal oxo-com 
plexes, silicon salts and mixtures thereof. 

2. The composition of claim 1, wherein the water-sol 
uble salts of transition metal oxo-complexes include 
transition metals selected from the group consisting of 
titanium, vanadium, chromium, zirconium, niobium, 
molybdenum, hafnium, tantalum and tungsten and mix 
tures thereof. 

3. The composition of claim 1, wherein the water-sol 
uble metal salt ,(a) is cerous nitrate. 

4. The composition of claim 1, wherein the salt of the 
transition metal oxo-complex includes a transition metal 
selected from the group consisting of tungsten, vana 
dium, molybdenum, and niobium. 

5. The composition of claim 1, wherein the anionic, 
water-soluble metal salt (b) is selected from the group 
consisting of sodium metasilicate, sodium tungstate, 
sodium metavanadate, sodium orthovanadate, sodium 
molybdate, lithium meta-niobate, and mixtures thereof. 

6. The composition of claim 1, wherein the corrosion 
inhibitor compound is present in an amount effective to 
protect the surface of the aluminum ?ake pigment parti 
cles from corrosion in an aqueous environment having a 
basic pH. 

7. The composition of claim 1, wherein the corrosion 
inhibitor compound is present in an amount between 
15% and 100% by weight based on total pigment 
weight. 

8. A process for treating aluminum ?ake pigment 
particles with a corrosion inhibitor compound, compris 
ing the step of admixing aluminum ?ake pigment parti 
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cles, corrosion inhibitor compound and water, wherein 
the inhibitor compound is the reaction product of 

(a) a water-soluble metal salt of a metal selected from 
the group consisting of yttrium and rare earth met 
als having atomic numbers of from 57 to 7l, and 

(b) an anionic water-soluble metal salt selected from 
the group consisting of transition metal oxo-com 
plexes, silicon salts and mixtures thereof. 

9. The process of claim 8, wherein the water-soluble 
metal salt (a) used therein is cerous nitrate. 

10. The process of claim 8, wherein the water-soluble 
salts of transition metal oxo-complexes include transi 
tion metals selected from the group consisting of tita 
nium, vanadium, chromium, zirconium, niobium, mo 
lybdenum, hafnium, tantalum, tungsten and mixtures 
thereof. 

11. The process of claim 8, wherein the transition 
metal oxo~complex includes a metal selected from the 
group consisting of tungsten, vanadium, molybdenum, 
and niobium. 

'12. The process of claim 8, wherein the water-soluble 
salt of the transition metal oxo-complex is selected from 
the group consisting of sodium tungstate, sodium mo 
lybdate, sodium metavanadate, sodium orthovanadate, 
sodium metasilicate, lithium meta-niobate, and mixtures 
thereof. 

13. The process of claim 8, wherein the corrosion 
inhibitor compound is added to the slurry in an amount 
between l5 and 100% by weight based on total pigment 
weight. 

14. An aqueous coating composition, comprising: 
a. a slightly soluble, time release corrosion inhibitor 
compound wherein the inhibitor compound com 
prises the reaction product of 
i) water-soluble metal salt of a metal selected from 

the group consisting of yttrium and rare earth 
metals and 

ii) an anionic water-soluble salt selected from the 
group consisting of transition metal oxo-com 
plexes, silicon salts and mixtures thereof, 

b. aluminum ?ake pigment; , 
c. at least one water-compatible polymer; and 
d. a crosslinking agent. 
15. The aqueous coating composition of claim 14, 

further comprising (e) a water-soluble salt selected from 
the group consisting of trivalent and tetravalent salts of 
cerium, yttrium and lanthanum. 

16. The aqueous coating composition of claim 15, 
wherein the water soluble metal salt (a) is cerous nitrate. 

17. The aqueous coating composition of claim 15, 
wherein the transition metal oxo-complex is selected 
from the group consisting of sodium tungstate, sodium 
molybdate, sodium metavanadate, sodium orthovana 
date, sodium metasilicate, lithium meta-niobate, and 
mixtures thereof. 

18. The aqueous coating composition of claim 15, 
wherein the corrosion inhibitor compound is selected 
from the group consisting of cerous tungstate, cerous 
metavanadate, cerous orthovanadate, cerous metasili 
cate, cerous molybdate and cerous niobate. 

19. The aqueous coating composition of claim 13, 
wherein the corrosion inhibitor (a) is present in an 
amount between 0.01 and 5.0 percent by weight based 
on total pigment weight. 

20. The aqueous coating composition of claim 15, 
wherein the water-soluble salt (e), is selected from the 
group consisting of cerium sulfate, cerium triacetate, 
cerium isopropoxide, ammonium cerium nitrate, yt 
trium triacetate, lanthanum triacetate and cerium diox 
ide. 
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